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INTRODUCrION
WITH the introduction of direct current countershock (Lown et al. 1962) a simple,
safe and effective method of converting atrial fibrillation to sinus rhythm became
available. A detailed account of the technique used here, the indications for its use,
the success rate achieved and the hazards encountered has been published (Pantridge
and Halmos 1965). While the immediate results of D.C. conversion make it the
method of choice in removing atrial fibrillation, few long term follow-up studies
have been made (Charms et al. 1966, Radford and Evans 1968). It is clear that
unless a patient is likely to remain in sinus rhythm for a reasonable period, D.C.
conversion is pointless.
PATIENTS AND METHODS
Direct current conversion of chronic atrial fibrillation was attempted on one or
more occasions in 356 patients between October, 1963, and March, 1967. Initially
all patients in whom chronic atrial fibrillation was diagnosed had an attempted D.C.
conversion, with the exception of those awaiting mitral valvotomy. Following
analysis of the results obtained in the first 175 patients, D.C. conversion was usually
not attempted in patients with atrial fibrillation of more than five years' duration,
or in those with gross mitral incompetence and marked cardiac enlargement.
Full clinical records were obtainable in 330 of the 356 patients. This group was
studied to assess the immediate success rate of attempted D.C. conversion. The
prognosis with regard to relapse of atrial fibrillation was obtained by reviewing 278
patients between 3 and 42 months after the initial D.C. conversion.
The methods of conversion and of anaesthesia in the first 175 patients were as
described by Pantridge and Halmos (1965). Since 1965, Brietal Sodium (Eli Lilly)
1 mg./Kg. body weight, has been used to induce anaesthesia and the electrode
paddles have been placed antero-posteriorly. Initially a direct current shock at an
energy level of 50 watt seconds was used. If atrial fibrillation persisted, three further
shocks were delivered up to a maximum of 400 watt seconds. If atrial fibrillation
still persisted no further attempt was made. Since 1964, digitalis has been discon-
tinued 48 hours prior to conversion, as it has been shown that digitalis adversely
affects the chances of successful conversion and increases the risk of post-conversion
arrhythmias (Pantridge and Halmos 1965).
IMMEDIATE SUCCESS RATE
Sinus rhythm was restored in 268 (81 per cent) of 330 patients. Before any attempt
to select patients for conversion was made, 130 of 175 (74 per cent) had successful
conversion. Following the exclusion of patients with very long-standing atrial fibril-
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Immediate results of D.C. Conversion in 330 Patients
No. of Patients No. Converting Percentage Converting
Male ...... 117 103 88
Female ...... 213 165 77
Under 50 years ...... 164 136 83
Over 50 years .... 166 132 79
Rheumatic .... 241 192 80
Ischaemic ...... 43 37 86
Thyrotoxic ..... 20 18 90
Miscellaneous ...... 26 21 81
Total ...... 330 268 81
lation and those with gross mitral incompetence and cardiac dilatation from at-
tempted conversion sinus rhythm was restored in 137 of 155 patients (89 per cent).
Table I shows the conversion rate according to age, sex and the aetiology of the
atrial fibrillation. The immediate success rate was little influenced by age but was
higher in males than in females. More than 80 per cent of patients were converted
irrespective of the aetiology of the atrial fibrillation, but patients who had formerly
had thyrotoxicosis had a slightly higher conversion rate (90 per cent) than patients
in the ischaemic (86 per cent) rheumatic (80 per cent) or miscellaneous (81 per cent)
groups.
Anticoagulants were not given routinely before D.C. conversion. Eighteen patients
who had been receiving anticoagulants following a myocardial infarction or a
recent embolus, continued on this therapy. Among 450 successful conversions in 330
patients, 2 patients developed transient hemiparesis in the week following conver-
sion, presumably due to cerebral emboli. Both recovered completely. Another
patient had a major cerebrovascular accident on the eighth day after conversion.
Thus the incidence of clinically detected emboli was less than 0.7 per cent.
Among the patients in whom sinus rhythm could not be restored or maintained,
seven major embolic episodes are known to have occurred. Two patients who re-
mained for long periods in sinus rhythm were admitted following embolic episodes
and were found to have relapsed to atrial fibrillation since their previous visit. In
these patients it was impossible to determine whether emboli had occurred before
or after relapse. Three other patients died suddenly at home, possibly as a result of
emboli. No episode of ventricular fibrillation occurred following D.C. conversion in
this series. One patient developed pulmonary oedema several hours after D.C. con-
version, and was successfully treated with diuretics.
LONG TERM RESULTS
Two hundred and twenty-two patients had successful conversions and were fol-
lowed up for 3 months or more. The percentage of these remaining in sinus rhythm
after various intervals is illustrated in the Figure. The relapse rate was highest soon
after D.C. conversion and thereafter the risk of reversion to atrial fibrillation de-
creased. Forty-one per cent of those followed up for one year, and twenty per cent
of those followed up for three years remained in sinus rhythm.
156In assessing the effect of various factors on the maintenance of sinus rhythm, the
percentage of patients remaining in sinus rhythm one year after D.C. conversion has
been taken as an indication of the long-term trend of relapse. One hundred and
sixty-eight patients were reviewed one year or more after the first conversion.
Age, sex and blood pressure did not have a significant influence on the percentage
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157The percentage of the large group of patients with rheumatic heart disease remain-
ing in sinus rhythm at one year (42 per cent) was similar to that for the total. Six
of 10 patients with treated thyrotoxicosis maintained sinus rhythm for a year, com-
pared with only 4 of 15 with ischaemic heart disease.
REPEATED D.C. CONVERSION
One hundred and fourteen patients had an attempted second D.C. conversion.
The immediate conversion rate (92 per cent), and the percentage of patients re-
maining in sinus rhythm 1 year after conversion (20 per cent) are presented in
Table III. They have been divided into two groups according to whether the sinus
rhythm established on the first occasion persisted for more or less than 6 months.
Thirty-two per cent of those who had maintained sinus rhythm for 6 months or
more on the first occasion were still in sinus rhythm 1 year after a second con-
version. But only 14 per cent of those who had relapsed within 6 months, remained
in sinus rhythm 1 year after a second conversion.
TABLE III
Immediate and Long Term Results of a Second D.C. Conversion
Percentage of those converted
Duration ofS.R. No. of No. still in sinusrhythmn
after first D.C.C. Patients Converted 3 ,nths. later I year later
Less than 6 mths. 58 51(88%) 47 14
More than 6 mths. 28 28 (100%) 71 32
Total 86 79 (92%) 56 20
Twenty-four patients had an attempted third conversion. All but three were
successfully converted again. Twenty patients were examined after three months.
Nine (45 per cent) remained in sinus rhythm.
Relapse was commonly associated with return of palpitations and diminished
exercise tolerance. Seven patients required re-admission shortly after relapse
because of acute left heart failure associated with rapid ventricular rate.
DISCUSSION
In most reports on the effectiveness of the D.C. conversion, the immediate con-
version rate has been high (Killip 1963, Hurst et al. 1964, Lown 1964, McDonald
et al. 1964, Oram and Davies 1964, Duchelle 1966). This is confirmed by the
present study. Our overall conversion rate of 81 per cent is slightly lower
than that of several other authors. The fact that the conversion rate rose from 74
per cent to 89 per cent when attempts were no longer made in the presence of very
long-standing atrial fibrillation or gross mitral incompetence with marked cardiac
enlargement, indicates that patients with atrial fibrillation can be selected with
regard to likelihood of successful conversion. Stricter criteria for selection of
patients would increase the percentage of successful attempts, but would deny long
periods in sinus rhythm to a minority of the excluded patients.
The success rate is relatively little affected by age or sex. It has been shown to
be principally dependant upon the time for which atrial fibrillation has been present
158(Halmos 1966). This probably reflects the greater degree of atrial dilatation in the
presence of long-standing fibrillation (Lown 1967). Patients with atrial fibrillation
of long duration also tend to have fine fibrillation (f) waves in the electrocardio-
gram. This has been shown to decrease the chances of successful conversion
(Halmos 1966, Lown 1967). These facts could account for the lower incidence of
success in those with long-standing rheumatic heart disease. The lower success rate
in women in this series is related to the higher incidence of rheumatic heart
disease in this sex.
The risk of systemic embolism following conversion has been stressed, and
anticoagulants have been given by some authors in an attempt to lessen this risk
(Lown 1964, Duchelle 1966). Killip (1963) did not find any difference in the
incidence of embolism in two groups of patients, when only one group received
anticoagulants. Both groups were rather small. No emboli occurred in the 94
patients converted without anticoagulation, who were reported by Radford and
Evans (1968). Cerebrovascular accidents may occur shortly after D.C. conversion
even in patients treated with anticoagulants (Charms et al. 1966). In the present
series the incidence of embolism was very low in patients not so treated. It is very
doubtful whether routine anticoagulation, with its own attendant risks, would have
lowered the incidence of emboli further. Attempted D.C. conversion would not
appear to call for anticoagulation therapy in patients in whom other indications for
its use are absent.
There is still little information regarding the long-term maintenance of sinus
rhythm once it is re-established. Lown (1967) reported that 50 per cent. of his
patients maintained sinus rhythm for a year. But Killip and Yormak (1965) found
that only 27 per cent, and Radford and Evans (1968) only 18 per cent of their
patients were in sinus rhythm one year after D.C. conversion. In the present study
in which some patients were followed up for more than 3 years, the decreasing
likelihood of relapse with time is demonstrated. The patients reviewed at 3 years
all came from the unselected group, wheaeas many of those reviewed after only 1
year came from the group selected to exclude patients with several factors pre-
disposing to early relapse (Halmos 1966). This probably accounts in part for the
fact that whereas 41 per cent of those reviewed at 1 year maintained sinus rhythm,
the figure was only 20 per cent for those reviewed after 3 years. It is likely that the
relapse rate between 1 and 3 years is lower than that indicated in the figure.
The rate of relapse was apparently unaffected in this series by age, sex or blood
pressure. From the series of Radford and Evans (1968) as from the present series,
patients with atrial fibrillation persisting after control of thyrotoxicosis seem to have
a better chance of maintaining sinus rhythm for long periods after D.C. conversion,
than patients in other aetiological groups. On the other hand, patients in whom
chronic atrial fibrillation is associated with ischaemic heart disease are unlikely to
remain in sinus rhythm for very long. Within the large group with rheumatic heart
disease, the patients with atrial fibrillation of short duration who were converted
following a first mitral valvotomy, had a relatively low risk of early relapse. A more
detailed study of this group is in progress.
Most workers give their patients oral quinidine (1.0-1.6 grams daily) in an
attempt to reduce the relapse rate (Hurst et al. 1964, Duchelle 1966, Rossi and
Lown 1967). However, Pantridge and Halmos (1965) found that neither quinidine
159(1.2 grams daily) nor potassium (50 mEq. daily) lowered the relapse rate signifi-
cantly. Likewise, Hall and Wood (1968) found no significant difference in relapse
rate between patients receiving 1 gram of quinidine daily and those receiving none.
Only 15 per cent of our patients were given quinidine at any time. The overall
relapse rate was not markedly different from those reported by workers using
quinidine.
In spite of the high incidence of relapse, we feel that since more than 40 per
cent of patients remained in sinus rhythm for a year or more, D.C. conversion was
worth while. Most patients not only felt better but were shown to have higher
cardiac outputs following conversion (Scott and Patterson, 1968). The place of
repeated conversions is less clear. The relapse rate following second conversions is
somewhat higher than after first. However, all attempted second conversions in
patients who maintained sinus rhythm for six months or more after the first con-
version were successful, and the percentage of these remaining in sinus rhythm for
a year (32 per cent) was only 9 per cent less than the one year figure after the first
conversion.
The results of attempted third D.C. conversion were similar to those of the
second. The number of patients available for follow-up has been small but the
tendency to relapse seems even greater than that following the first and second
conversions. In the few patients in this series who have had four or more conver-
sions, the duration of sinus rhythm has tended to become progressively shorter
after each procedure. This is in keeping with the findings of other workers (Radford
and Evans 1968).
Though exceptions occur (Oram and Davies 1965), it would appear that patients
who relapse soon after the first D.C. conversion, rarely maintain sinus rhythm for
long after second or subsequent conversions. If sinus rhythm persists for six months
or more on the first occasion, repeated D.C. conversion would appear to be
justified. A few patients who relapse repeatedly at intervals of more than six
months may be kept in sinus rhythm for years by repeated D.C. conversions.
SUMMARY
The results of attempted D.C. conversion in 330 patients with atrial fibrillation
are reported. Sinus rhythm was restored in 81 per cent. The incidence of embolism
was less than 0.7 per cent in non-anticoagulated patients.
Two hundred and twenty two patients were reviewed between three and forty-
two months after successful D.C. conversion. After one year 41 per cent, and after
three years 20 per cent of patients remained in sinus rhythm without further
conversions.
Maintenance of sinus rhythm was unaffected by age, sex or blood pressure.
Patients with treated thyrotoxicosis tended to maintain sinus rhythm better than
those with ischaemic heart disease. Those with rheumatic heart disease had an
intermediate prognosis.
The immediate success rates in attempted second and third D.C. conversions
were high. Patients who relapsed rapidly on one occasion usually did so again. It
is suggested that repeated D.C. conversion is useful in the management of patients
who have maintained sinus rhythm for more than six months.
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BOOK REVIEWS
MOST SIGNIFICANT NEW BOOKS ON MEDICINE. Edited by D. E. Seabrook.
(Pp. 88; 20s.). O,xford: Robert Maxwell, 1968.
THIS is concerned with books in medicine and is one of six similar volumes issued by the
Documentation and Supply Centre covering most branches of science. It appeared in
January, 1968, and was concerned with books published in 1966. These books are listed
alphabetically under the author and each is accompanied by collected extracts from reviews
varying from a few paragraphs to two pages. The reviews are usually informative of the
contents but not critical. Most new books, but not new editions, published in Great Britain,
and others in English published elsewhere are included. The work will have value to
librarians anxious to check the coverage of their library, and some readers may discover
books of value in their special subject which they have failed to notice reviewed during
their journal reading.
LIVINGSTONE BOOKS, 1968. (Pp. 108. Free). Edinburgh and London: E. & S.
Livingstone, 1968.
THIS lists under subjects and under authors all books published by Messrs. Livingstone and
these include those of their American associate Messrs. Williams &. Wilkins. A wide range
of titles covering all subjects is detailed, and the catalogue is produced in the same high
standard of format and printing we now expect with all the publications of this firm.
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